CD81, a member of the tetraspanin family, is overexpressed in several tumor types, but its role in breast cancer remains unknown. The present study aimed to investigate the effects of increased CD81 expression on cell migration and proliferation in breast cancer cell lines, MDA-MB-231 and MDA-MB-435S in vitro, and the effects of increased CD81 expression in breast cancer tissue microarrays on patient prognosis.
Background
Worldwide, breast cancer remains the most prevalent cancer in women and the second most common cause of cancer-related death among women, particularly in developing countries [1] . Despite new targeted therapies and increased understanding of the molecular heterogeneity of breast cancer, which resulted in some improvement in the survival rates of patients with breast cancer, drug resistance and more rapid tumor progression in some patients are issues that remain to be resolved [1, 2] . Further molecular studies are required to identify prognostic biomarkers and to develop further targeted therapeutic strategies for patients with breast cancer.
The tetraspanin family is a large and highly-conserved group of membrane proteins that are ubiquitously expressed in eukaryotic cells [3] . Tetraspanin-enriched microdomains can form in the cell membrane with their partner proteins, including integrins and immunoglobulins, to regulate cell adhesion, migration, and invasion and through these mechanisms, tetraspanins also play a role in tumor progression [4, 5] . Expression of the tetraspanin, KAI1/CD82, has been shown to inhibit tumor metastasis in several types of cancer [6] [7] [8] . However, the CD151 gene and the TSPAN8 gene have been shown to be potential oncogenes in breast cancer, melanoma, and lung cancer [9, 10] .
CD81, is also known as the target of the antiproliferative 1 (TAPA1), is also a member of the tetraspanin family [11] . The normal physiological role of CD81 involves immune function. In B-cells, CD81 associates with CD19 transports it to the cell membrane [12] . Also, CD81 plays an important role in the activation of B-cells by facilitating connections to the molecules required for B-cell receptor signaling [13] . In T-cells, CD81 is a co-stimulatory molecule of CD3 and regulates the development of T-cells in the thymus [13, 14] .
Recently, there have been some studies that have shown CD81 to be involved in the progression of human malignancy, including the promotion of tumor growth and metastasis in melanoma [15] . However, CD81 expression has also been shown to be negatively correlated with the development of metastases in patients with hepatocellular carcinoma (HCC) [16] . The role of CD81 expression in human malignancy is controversial, and CD81 expression in breast cancer remains to be studied. Therefore, the aims of the present were to investigate the effects of increased CD81 expression on cell migration and proliferation in breast cancer cell lines, MDA-MB-231 and MDA-MB-435S in vitro, and the effects of increased CD81 expression in breast cancer on patient prognosis by evaluating CD81 expression in breast cancer tissue microarrays.
Material and Methods

Study approval
The study protocol was approved by the Independent Ethics Committee of The Fifth Peoples' Hospital of Shanghai, Fudan University (#2012-041).
Tissue microarrays
A human breast cancer tissue microarray containing 140 tumor tissues (HBreD140Su01) and a human breast tissue microarray consisting of 77 adjacent normal breast tissues (HBreD077Su01) from patients with breast cancer were purchased from Outdo Biotech Co., Ltd., (Shanghai, China). The tumor tissue samples were obtained from patients who also provided detailed clinicopathological information (for 139/140 samples).
Immunohistochemical staining for CD81 in breast tissue microarrays
The tissue sections underwent immunohistochemical staining using a primary antibody to CD81 (Proteintech, Wuhan, China) (Cat No.18250-1-AP) at a dilution of 1: 500.
Evaluation of immunohistochemical staining for CD81 in breast tissue microarrays CD81 staining results were stratified into negative and positive groups according to the proportion of CD81-positive cells and staining intensity. The scores of CD81-positive cells were assigned as follows: 0, £10% positive cells; 1, 11-25% positive cells; 2, 26-50%, positive cells; 3, >50% positive cells. The staining intensity was scored as follows: 0, no staining; 1, light brown; 2, brown; 3, dark brown. Total scores were obtained by multiplying the percentage and intensity scores. A total score £3 was considered to be negative, and a total score >3 was considered to be positive. To generate CD81-expressing recombinant plasmid, the fulllength cDNA of CD81 (GeneBank accession no. NM_004356.3) was amplified by polymerase chain reaction (PCR), and the PCR products were inserted into a pcDNA3.1 expression vector. DNA sequencing was used to verify the sequences of the recombinant plasmid.
To inhibit CD81 expression in breast cancer cells, CD81 short hairpin RNA (shRNA) (shCD81) lentivirus was packaged and obtained from GenePharma (Shanghai, China). The following target sequence was used: sense 5-UGAUGUUCGUUGBCUUCCUUU-3. The stably infected cells were screened using puromycin. For transfection, Lipofectamine 3000 (Invitrogen, Waltham, MA, U.S.A.) was used according to the manufacturer's protocol.
Cell counting kit-8 (CCK-8) cell proliferation assay of MDA-MB-231 and MDA-MB-435S breast cancer cells in vitro
A cell proliferation assay was performed using cell counting kit-8 (CCK-8) assay (Dojindo, Japan) according to the manufacturer's protocol. Then, 24 h after transfection, breast cancer cells were seeded into a 96-well plate at a density of 3×10 3 cells per well and cultured with 100 μl of 10% FBS in culture medium, and 10 μl of CCK-8 reagent was added into each well and incubated for 1 h or at the scheduled time points. An automated microplate reader read the absorbance at 450 nm. Each experiment was performed in triplicate.
Colony formation assays for MDA-MB-231 and MDA-MB-435S breast cancer cells in vitro
The colony formation assay involved seeding of the MDA-MB-231 and MDA-MB-435S cells at a density of 1,000 cells per well into a 6-well plate and maintained in 2 ml DMEM medium containing 10% FBS. After three weeks, the colonies that formed were fixed using 4% paraformaldehyde and stained with 0.05% crystal violet for 10-30 min and the stained colonies were counted and photographed. Each experiment was performed in triplicate.
Cell migration assays for MDA-MB-231 and MDA-MB-435S breast cancer cells in vitro
The cell migration assays were performed using transwell chambers (Corning, U.S.A.) with a pore size of 8 μm. Approximately 3×10 4 of the MDA-MB-231 and MDA-MB-435S cells, maintained in 400 μl medium without FBS were seeded into the upper chamber, while the lower chamber was filled with 800 μl medium with 10% FBS. After cell culture for 24 h at 37°C, the migrating cells were fixed and stained with 0.05% crystal violet for 20 min, after which the migrated cells were counted and photographed in five random fields using light microscopy.
Western blot
Proteins extracted from cells were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to nitrocellulose membranes (Bio-Rad, Hercules, CA, U.S.A.), which were then blocked using 5% dried skimmed milk powder. Blots were incubated with primary antibodies at 4°C overnight and then incubated with the secondary antibody for 1 h at room temperature. Specific proteins were visualized using the Odyssey Infrared Imaging System (Li-COR, Lincoln, NE, U.S.A.) according to the manufacturer's instructions. The primary antibodies and their dilutions used included anti-CD81 (1: 500) (Proteintech, Wuhan, China) (Cat. No. 18250-1-AP), anti-GAPDH (1: 100000) (Proteintech, Wuhan, China) (Cat. No. 60004-1-Ig).
Statistical analysis
The chi-squared (c 2 ) test was used for comparative correlations between CD81 expression and clinicopathological parameters. Valued data were represented as the mean ± standard deviation (SD) of three independent experiments. Kaplan-Meier analysis was used to estimate the overall survival (OS) rates for breast cancer patients from different groups. Student's t-test was performed for comparison between two groups. P<0.05 was considered statistically significant.
Results
Immunohistochemistry showed increased expression of CD81 in breast cancer tissues
Representative photomicrograph images of CD81-negative immunostained breast tissues and CD81-positive immunostained breast tissues are shown in Figure 1A . The light microscopy semi-quantitative method for CD81 expression was used in two tissue microarrays consisting of 140 breast cancer tumor tissues and 70 adjacent normal breast tissues. The proportion of CD81-positive tissues (71/140, 51%) was significantly increased in breast cancer tissue samples compared with normal breast tissue samples (28/77, 36%) (P <0.05) ( Figure 1B) Increased expression of CD81 was correlated with clinicopathological parameters and was associated with reduced overall survival (OS) in patients with breast cancer
The relationship between CD81 expression and the progression of breast cancer was analyzed statistically, and the results are summarized in Table 1 . CD81 expression levels in breast cancer tissues were significantly associated with the presence of lymph node metastasis (P<0.05), although the degree of statistical significance was weak. CD81 expression intensity in breast cancer tissue was significantly correlated with TNM stage of patients with breast cancer (P<0.05). The Kaplan-Meier survival analysis curve analysis used to assess the correlation between CD81 expression and prognosis of patients with breast cancer showed that CD81-positive patients 
had a worse prognosis than CD81-negative patients (P<0.05). Figure 2 shows the Kaplan-Meier curve for the OS rate between the two patient groups. These results support that high CD81 expression in breast cancer tissues is correlated with clinicopathological parameters and predicts poor prognosis in patients with breast cancer.
Increased expression of CD81 promoted cell proliferation and migration in MDA-MB-231 and MDA-MB-435S breast cancer cells in vitro
Based on the clinical data, functional cell analysis was used to observe the effects of CD81 expression on cell proliferation and migration of breast cancer cell lines. The CD81-expressing plasmid was transfected into MDA-MB-231 and MDA-MB-435S cells to upregulate CD81 expression. Western blot analysis confirmed the efficiency of the plasmid transfection ( Figure 3A, Supplementary Figure 1) . The cell counting kit-8 (CCK-8) cell proliferation assay was used to determine the effects of overexpression of CD81 on cell proliferation of breast cancer cells in vitro. As shown in Figure 3B , the cell growth Figure 2 . Correlation between CD81 expression levels in breast cancer tissues and overall survival (OS) rates of patients with breast cancer. According to the expression of CD81 in breast cancer tissues, the patients were classified into two groups: negative (68 patients) and positive (71 patients). The grouping method is described in the Methods section of the manuscript.
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rate was significantly increased in cells with overexpression of CD81 compared with the control groups. Cell migration assays showed that the effect of overexpression of CD81 significantly promoted cell migration in the two breast cancer cell lines in vitro (P<0.01) ( Figure 3C ). The results of the functional analysis showed that CD81 expression regulated cell proliferation and migration in breast cancer cells in vitro.
Silencing of CD81 expression decreased proliferation and migration of MDA-MB-231 and MDA-MB-435S breast cancer cells in vitro
Knockdown of CG81 expression in MDA-MB-231 and MDA-MB-435S cells was performed using short hairpin RNA (shR-NA) lentivirus in vitro (shCD81). Western blot results showed that CD81 expression was successfully inhibited in MDA-MB-231-shCD81 and MDA-MB-435S-shCD81 cells compared with their control groups ( Figure 4A, Supplementary Figure 1 ). In the colony formation assays, knockdown of CD81 significantly suppressed the number and volume of the colonies formed from breast cancer cells, suggesting that silencing CD81 could attenuate the proliferation capacity of breast cancer cells ( Figure 4B ). The results of cell migration assays also showed that knockdown of CD81 expression in breast cancer cells led to reduced cell migration ( Figure 4C ). These results supported that CD81 expression could enhance breast cancer cell growth and migration in vitro.
Discussion
The findings of the present study showed that CD81 expression was upregulated in breast cancer tissues compared with normal breast tissues and that high expression levels of CD81 were correlated with poor prognosis or reduced overall survival (OS) in patients with breast cancer. Cell functional analysis using MDA-MB-231 and MDA-MB-435S human breast cancer cell showed that CD81 expression promoted the proliferation 
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and migration of breast cancer cells in vitro. These findings indicate that CD81 might be a potential prognostic biomarker or oncogene product in human breast cancer.
As a member of the tetraspanin family, CD81 has previously been shown to be involved in the immune system and infection. In the immune system, CD81 regulates the activation of B-cells and T-cells, and immune receptor signaling [13] . During infection, CD81 is reported to be involved as a gateway molecule in hepatocytes for hepatitis C virus infection [17] , and may have a similar role in Plasmodium infection of red blood cells in malaria [18] . Although the diverse functions of CD81 have been reported in varied biological processes [18, 19] , its role in human malignancy remains poorly understood. Considering the high morbidity and mortality of breast cancer [20] , there is a need to understand the molecular mechanisms of breast cancer development, to overcome the problems of drug resistance and the early development of metastases in breast cancer.
To our knowledge, this study has been the first to show that the tetraspanin, CD81, might be a potential prognostic biomarker that could be incorporated into the tissue diagnosis panel of immunomarkers, and there is also the possibility that CD81 may be a future therapeutic target in patients with 5745 In the present study, in breast cancer tissues, CD81 expression was significantly upregulated when compared with adjacent normal breast tissues, and its expression levels were significantly associated with lymph node metastasis and TNM stage of patients with breast cancer. However, the association between CD81 expression and the presence of lymph node metastasis is not very strong (P=0.048). Therefore, studies that include large sample sizes are needed to verify this association. Although this was a preliminary study, the findings suggest that CD81 might be involved in the development of breast cancer, but this association also requires verification with further studies. The results of this study also confirmed that CD81 expression by human breast cancer cells promoted cell proliferation and migration, which are the properties of malignant tumors that enable invasion into vessels and tumor metastasis. These results support the possibility that expression of CD81 might have a role in the progression of breast cancer, but this possibility also requires further investigation.
From the findings of the present study, it is clear that CD81 has a potential prognostic and functional role in human breast cancer and that further studies are needed to elucidate the underlying mechanisms for the effects of CD81 in this type of malignancy. It is possible that CD81 has a role in regulating the activation of the immune system in patients with breast cancer, as recent studies have shown that exosomes derived from tumor cells contribute to the genesis and development of several types of cancer [21] [22] [23] . Also, CD81 is an important exosome membrane protein, and it is also possible that the role of CD81 in breast cancer may be related to exosome function [24] . The potential for multiple roles for CD81 in different types of malignant tumor may explain the varied reports in the published literature and might indicate that CD81 has functions that are specific to tumor types and are context-dependent, which mean that its role in other types of malignancy may not be the same as for breast cancer. However, these hypotheses require further studies.
Conclusions
The findings of the present study showed that CD81, a member of the tetraspanin family, was significantly overexpressed in breast cancer tissues compared with adjacent normal breast tissues and that increased expression levels of CD81 in tumor tissues from patients with breast cancer were significantly associated with reduced overall survival (OS). Further in vitro studies, using two human breast cancer cell lines, showed that increased expression of CD81 promoted tumor cell proliferation and migration. The findings of the study showed that CD81 might be a potential prognostic biomarker associated with poor patient prognosis in breast cancer. These findings should be investigated further with large-scale controlled prospective studies in patients with breast cancer.
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